Abstract. The purpose of this study is to investigate and optimize the process parameters for cleaning the top, bottom, and apex edges of silicon wafers using laser radiation and reactive gas. A secondary purpose is to conduct photoresist edge bead and post-etch polymer film removal (EBR) experiments to determine the minimum controllable edge exclusion in EBR processing to improve die yield.
Introduction
Wafer edge defects in integrated circuit manufacturing are considered a major problem since they cause the loss of potentially good die. As much as 25% of the die on a 300mm wafer may be lost to edge-related defects. This is especially true in 193nm immersion lithography where cleaning and immersion fluids contacting the wafer edge cause lifting and re-deposition of edge films onto good die, which then become rejects. [2] A new edge cleaning method is needed that does not use chemical solvents and can remove a wide range of film types and thicknesses in a single step without leaving by-products or causing surface damage. The method would ideally meet ITRS Roadmap specifications for edge exclusions below 1.0mm with a high degree of accuracy and control. [3] In this paper we will report the results of a series of experiments with a laser and gas method for removing a variety of film types and thicknesses that occur on the edge of silicon wafers in integrated circuit manufacturing. We will also report on the use of a simple edge cleaning system based on this method.
Experiment
The sample wafers used in the experiments included a variety of film types and thicknesses. Photoresists ranging in thickness from 0.15µm to >2.5µm were tested. Tri-layer film stacks containing silicon-based photoresists were also tested, along with residues from etch processes.
The samples for wafer edge cleaning were processed in a 300mm tool where the wafer is rotated under the incident laser radiation in the presence of either an injected reactive gas or atmosphere. An exhaust system removes the reaction by-products. A diagram of this system is shown in Figure 1 . 
Results and Discussion
Edge Profiles. Figure 2 shows the edge profiles, taken with a Dektak profilometer, of various films removed from the wafer's top and/or bottom edge and apex in a single process step. The edge profile or 'transition width' can be varied according to the shape of the beam. One example of the removal of a 7.5µm thick photoresist edge bead is shown in Figure 3 . Note the shape of the before and after profiles. A scanning electron micrograph, shown in Figure 4 , was taken following a photoresist laser edge bead cleaning process, to illustrate the simultaneous removal from the top, bottom, and apex.
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Process Latitude. Several experiments were run to determine the process window for laser wafer edge cleaning. In this test, the laser energy density was varied over a wide range to establish the minimum energy needed to remove the film without leaving a residue, and the maximum energy density before the onset of substrate damage. The difference between these two energy density levels is the process latitude window. Figure 5 illustrates, with three photomicrographs, the process latitude for a post-etch polymer residue film.
The small artifacts described as damage are slight ridges occurring on the silicon surface as a result of localized heating and expansion of the silicon. While these may have no functional effect on wafer processing, they do indicate a slight disturbance of the surface. No defects appear to be associated with this micro-damage. 
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Ultra Clean Processing of Semiconductor Surfaces X Surface Roughness. The surface of the laser EBR process samples was analyzed with atomic force microscopy after a post-etch polymer was removed. AFMs were taken of all the samples processed, using a 1µm by 1µm sample area, and a larger 4µm by 4µm sample area. The control samples had an average RMS deviation of 9.1Å, and after EBR cleaning the RMS deviation was 16.9Å. There were no observable defects associated with this slight increase in roughness. Figure 6 shows the control sample and the cleaned sample.
SEM Surface Analysis.
Scanning electron micrographs of the samples in these tests were examined at 150,000x magnification; a typical result is shown in Figure 7 . There is no evidence of surface damage, defects or film residue, based on multiple samples being run at a variety of magnifications and locations around the wafer edge.
Thermal Environment Analysis.
A test to determine the wafer temperature during EBR cleaning was conducted. Thermal sensors with the ability to detect temperatures as low as 40°C were located in close proximity to the film being laser cleaned. One was located on the opposite side of the wafer directly below the reaction. This test shows that the wafer stayed below 40°C during the laser EBR process. Theoretical heat models for near-visible radiation suggest that most of the heat generated in the photoablative reaction occurs above and away from the wafer surface where the laser interaction takes place. Figure 8 shows a photograph of a reaction removing post-etch polymer.
Edge Accuracy. A set of experiments were run to determine the edge exclusion accuracy and repeatability with the EBR laser cleaning system. Table 1 shows the accuracy and repeatability for the exclusion width. Solid State Phenomena Vol. 187 119
Die Yield Analysis Modeling
As a result of being able to highly control the edge exclusion to below 1mm, it becomes possible to obtain additional die yield from any given wafer. Table 2 shows an example of the change in die yield by using the laser EBR process and reducing the edge exclusion from 2.0mm to 1mm. [4] 
Conclusion
Three conclusions can be drawn from this work based on observations of the test results. First, the use of a laser radiation source, in the presence of reactive gas and by-product exhaust, is a method that will effectively clean a variety of film types and thicknesses from the top, bottom, and apex of a silicon wafer without damage. The second conclusion is that this laser edge bead removal (EBR) method permits edge exclusions less than 0.5mm that can be repeatedly performed to an accuracy of approximately ±0.05. Further, this level of EBR accuracy and repeatability will permit an increase in the die yield on each wafer processed in a fab.
The third conclusion is that the simple design and small footprint of the EBR system used in this work, consisting of three sub-systems, which will result in a small footprint stand alone tool or can be readily integrated into a wafer-track tool for volume manufacturing.
Future Work
Future work will include the evaluation of other lasers that will permit increased throughput and the removal of both organic as well as inorganic films of higher density, such as silicon oxides and metals.
